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Overview

• Objective
− To develop low-cost solid sorbents to be used in an efficient 

process for the capture of CO2 from flue gas streams (Delta 
loading of 3 gmole CO2/kg Sorbent)

• Technical Challenges
− To reduce the energy intensity of current capture processes 

(e.g.. MEA process)
− To improve the capture capacity of sorbents
− To produce affordable solid sorbents for the capture of CO2

− To improve the mass and heat transfer parameters 
− To increase the available contact surface
− To eliminate the corrosion problems associated with liquid 

amine systems
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Overview

Proposed Reaction Sequence 
(in solution)
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Pathways to Solid Amine Sorbents
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Preliminary System Analysis

4.0 5.0 6.0 7.0 8.0

Cost of Electricity (c/kWh)

"Best Case" 

Capacity

Sorbent Replacement
Rate

Regneration Energy

Sorbent Cost
No Capture Case

MEA 
Wet-Scrubbing

Case 11 Base Case

$5/kg sorbent $15/kg sorbent

8 moles/kg

6 months

500 BTU/lb CO2

4 years

2000 BTU/lb CO2

3 moles/kg
Combined 

Best Cases

20% Increase in CoE
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Experimental Reactor System
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NETL Carbon Dioxide Capture Reactor
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Experimental Conditions

• 1.0 Gram sample (Immobilized Solid Amine 
Sorbents)

• He/2% H2O Pretreatment at 25 oC 
(180-200 ml/min)

• 10% CO2/2 % H2O/He at 25-65 oC 
(160-170 ml/min) Adsorption

• He/2% H2O at 90 -150oC (180-200 ml/min) 
Desorption

• Pfeiffer Vacuum OminiStar 300 Mass 
Spectrometer
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Sorbent Parameters

Poly methyl methyl acrylate and Polystyrene Beads

•Particle Size = 200-800 microns

•Specific Gravity = 1- 1.5 g/ml

•Surface Area = 500 -1000 m2/g

•Pore Volume = 1.0-1.3 ml/g

•Pore Radius = 100-200 Angstrom

Critical Criteria

Amine Basicity

CO2 Capacity

Adsorption

Desorption

Delta Loading
Temperature

Thermal Stability

Attrition Rate
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Polyethylenimine PEI (30%) /PMMA

Linear
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-0.02

0.78

0.81

Delta loading
45 C -105C

2.33

3.57

3.66

gmol CO2/kg Sorbent
4 test runs (+/- 0.1)

Avg. 
Mn

TypePEI

25,000branchedHigh

800branchedLow

423mix423

Aldrich Chemical

10% CO2/2% Water/Helium @ 25 C
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Sorbent Performance
PMMA/PEI Low (30%) Delta Loading
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Sorbent Performance
PMMA/PEI Low (40%) @ 25 C
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Sorbent Performance
PMMA/PEI Low (40%) @ 25 C

10% CO2/2% Water/Helium @ 25 C
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PMMA vs PS/PEI Low (40%) @ 45 C
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Sorbent Performance
Effect of Water – PMMA Physical Adsorption
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Sorbent Performance
Effect of Water – PMMA/PEI Low (40%)

Chemical Adsorption
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Sorbent Kinetics and Thermodynamics
Binary Gas Isotherm
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40% PEI/PMMA
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Sorbent Kinetics and Thermodynamics
Pulse Mass Analyzer

Dry CO2
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Conclusions

• PEI Low was immobilized in both PMMA and 
PS beads and the required 3 gmol CO2/kg 
sorbent was achieved. Thermal stability 
demonstrated over 10 cycles.

• Delta loading of the sorbents must be 
improved. 50% of the required amount was 
achieved.

• Develop of binary gases kinetic studies are 
critical. Methods underway. Isothermic, DSC, 
and Mass Pulse analyses.
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